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Abstract : The values o f  sound velocity, density and viscosity hav6 been measured at 308 K in the system  1,4 dioxane carbon tetrachloride 
+ 1-butanol. From these data, acoustical parameters such as adiabatic Compressibility, free length, free volume and internal pressure have been 
estimated using the standard relations. The results arc interpreted in terms o f  molecular interaction between the component o f  the mixtures. 1- 
Butanol is found to be a good structure maker, that makes the carbon tetrachloride-1,4 dioxane com plexes. The presence o f  weak interactions are 
confirmed in the ternary system.
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1. Introduction
In many industrial applications, liquid mixtures rather 
titan single component liquid system are used in processing 
and product formulations. Thermodynamic and transport 
properties of liquid mixtures have been extensively used 
[1,2] to study the departure of a real liquid mixture from 
ideality. A departure from linearity in the velocity ve rsu s  
composition behaviour in liquid mixtures is taken as an 
indication of the existence of interaction between the 
different species [3,4]. During the last few decades, 
ultrasonic study of liquid mixtures has gained much 
importance in assessing the nature of molecular interactions 
and investigating the physico-chemical behaviour of such 
system [5,6]. Though, a number of investigations were 
carried out in liquid mixtures having alcohol as one of 
the component, tem aiy system with 1-butanol as one of 
the component are scarcely reported.
Further, as alcohols are highly polar, they can be 
made to form azeotropes with one or other component of 
the binary complexes. The binary complexes taken up for 
the present study is 1,4 dioxane + carbon tetrachloride,
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both are symmetric and hence non-polar. It will be 
interesting to study the influence of an asymmetric 
molecule in a symmetric molecular environment. Though 
the alcohol molecule is in a symmetric molecular 
environment, the environment is not fully symmetric. This 
asymmetric environment by symmetric molecules is 
expected to interact differently with a polar molecule 
such as alcohol. Hence, the authors have performed a 
thorough study on the molecular interaction studies of
1,4 dioxane + carbon tetrachloride 1-butanol, using the 
sound velocity data. The present work deals with the 
measurements of ultrasonic velocity and computation of 
related parameters in the ternary system of 1,4 dioxane + 
carbon tetrachloride + 1-butanol at 308 K.
2. Experiment
The mixtures of various concentration in mole fraction 
were prepared by taking purified AR grade samples at 
308 K. The mole fraction of the second component, 
carbon tetrachloride (jc2 = 0.3) was kept fixed, while the 
mole fraction of the remaining two were varied from 0,0 
to 0.7, so as to have the mixtures of different compositions.
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The ultrasonic velocities in liquid m ixtures have been 
m easured using an ultrasonic in terferom eter (M ittal type) 
w orking at 2 M H z frequency with an ccuracy o f ±0,01 
ms '. The density and viscosity are m easured using a 
pycknom eter and an O stw ald’s viscom eter, respectively 
w ith an accuracy o f  3 parts in 10^ for density  and 0.(X)l 
Nsm~^ for viscosity.
U sing the m easured data, the acoustical param eters
standard expressions :
L .  = K r P 1/2
and
Aid “■ 5 / - ^ /A  .
w here the notations have the usual m eaning.
(4)
(5)
(6)
3. Results and discussion
The experim ental values o f  density, viscosity and velocity 
at 308 K for the pure com ponents and for the system  1,4 
dioxane + carbon tetrachloride + 1-butanol are given in 
Table 1.
Ik U e  1. Values o f  density (/?), viscosity (r /)  and velocity (£/) at 308 K.
Mole fraction
Xl X3
P
kg m “^
t j-x  lO’
Ns m“*
U
ms-^
1.0000 0.0000 1032.0 1.4220 1310.2
0.0000 0.0000 1574.8 0.7855 953.4
0.0000 1.0000 810.0 1.3990 1217.8
0.0000 0.7000 923.1 1.3972 1167.4
0.0999 0.5999 950.0 1.3234 1178.0
0.2000 0.4999 979.0 1.1409 1190.3
0.2999 0.3999 1006.5 1.0111 1201.2
0.4000 0.2998 1034.0 0.9699 1212.2
0.4999 0.1999 1062.2 0.9561 1221.4
0.6000 0.0999 1090.9 0,9513 1230.1
0.7000 0.0000 1118.6 0.9439 1242.2
The calculated values o f  adiabatic com pressib ility  (yg) 
free length (Z^), free volum e {V/) and  internal pressure 
(7Zi) at 308 K for the pure com ponents and for the 
m ixtures are p iesen ted  in Table 2. The respective excess 
values at the said tem perature have been calculated and 
are show n in F igures 1 to 4.
T able 2. Values o f  adiabatic com pressib ility  free length (L f), fret- 
volume (V f) and internal pressure (/r,) at 308 K.
free Mole fraction /3x 10'“ LfX. 10*® VyrX 10’ rti X 10
cess A'l Pa-' m rn’mcl * Pa
ving l.OtXK) 0.0000 5.6447 0.4778 8.2609 191 71
O.(KKK) 0.0000 6.9851 0.5315 6.2986 377.06
(1)
0.0000 1.0000 8..3241 0.5802 5.8531 205.33
0.0000 0.7000 7.9484 0.5670 4.9039 2.50.1^
(2)
0.0999 0.5999 7.5848 0.5539 5.5574 241 36
0.20(K) 0.4999 7.5088 0.5399 7.2641 222 21
0.2999 0.3999 6.8852 0.5277 9.0866 207.41
(3)
0.4000 0.2998 6.5812 0.5159 10.0880 201.37
0.4999 0.1999 6.3104 0.5052 10.7206 198 41
0.6000 0.0999 6.0575 0.4950 11.2239 196.48
0.7000 0.0000 5.7935 0.4840 11.8399 193^ )1
Mole fraction o f 1—butanol
F ig u re  1. Mole fraction vs. excess adiabatic compressibility at 308 K
F igure  2. M ole fraction vs. excess free length at 308 K.
It is found that the ultrasonic velocity decreases with 
increasing concentration of 1-butanol. An exactly reverse 
trenck as expected, is noticed in the variations of adiabatic 
compressibility. The ease with which a medium can be
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M ole fraction o f  1-butanol
Figure 3, M ole fraction va. excess free volum e at 308 K.
Figure 4. M ole fraction va. excess internal pressure at 308 K.
compressed is given by the com pressibility  values. The 
higher com pressibility  value reveals that the m edium  is 
loosely p a c k e d . T ab le  2 sh o w s th a t as a lc o h o l 
concentration is increased, the com pressibility  values also 
increase. Thus, the addition o f  alcohol m olecules disturbs 
the available sym m etry in the einvironm ent and ruptures 
the bonds in betw een the species. H ence, the com ponents 
of the m ixtures are set far aw ay and it m akes the sound 
velocity to decrease. As the num ber o f  hydrocarbon 
group decreases, the sound velocity  is found to decrease, 
as is evident from  Table 1. T his behaviour at such 
concentrations fo r the m ixtures, w hich is different from  
the ideal m ixture behaviour, can be attributed to  the 
iniermolecular in teractions in the system  studied [7—10].
Among the three com ponents, both 1,4 dioxane and 
carbon tetrachloride are sym m etric and non-polar. The 
electronegativity o f  oxygen (3.5) is h igher than all other 
atoms o f the environm ent in the entire concentration 
range o f the m ixtures. H ow ever, in the absence o f  alcohol 
molecules, the oxygen o f  1,4 d ioxane is not supposed to 
interact app rec iab ly  w ith  ch lo rin e  atom s o f  carbon 
tetrachloride as the electronegativ ity  o f  chlorine is 3.0. 
l^urther, the perfect sym m etry arrangem ent o f  carbon 
tetrachloride prevents the attraction o f  electron by oxygen
1,4 dioxane and so there w ould be alnu>st no interaction 
i^tween these tw o com ponents. B ut the situation is 
reversed if  the third com ponent, 1-butanol is added.
In the case o f 1,4 dioxane, neither oxygen nor carbon 
is equally influenced by its neighbouring atom s as carbon 
in carbon tetrachloride. Hence, when the third com ponent 
is added, it disturbs the 1,4 dioxance m olecule rather 
than carbon tetrachloride. Thus, the com pactness o f  the 
m edium  is lost and the m edium  seem s to be m ore and 
more rarefied with increasing alcohol concentration . As 
the I -butanol concentration decreases, the num ber o f  
interacting m olecules which can break the m olecular 
clustering o f  the other is reduced and hence, the d ipo le 
form ation is re.stricted. This suggested that the in teraction 
ex isting  betw een the I-bu tano l and 1,4 d io x an e  is 
strengthened and there will be an increase in cohesive 
energy. So, the free length increases in the m ixture w ith 
increasing 1-butanol concentration.
On the basis o f  sound propagation in liquid [11], the 
increase in free length after m ixing, decreases the sound 
velocity. This is also in accordance with the expected  
decrease in com pressib ility  fo llow ing an increase  in 
ultrasonic velocity with decreasing 1-butanol concentrations 
in the mixture. The interm olecuJar free length is found to  
be a predom inant factor in determ ining the nature o f  
sound velocity variation in liquid m ixtures [12]. In this 
system , the adiabatic com pressibility  is increasing w ith 
rise o f  1-butanol co ncen tra tion , show ing  thereby  a 
progressively strengthening o f in term olecular interaction. 
Sim ilar results in som e liquid m ixtures w ere reported by 
Bhatti and Singh [13] and Palaniappan e t  a l  [14].
From Table 2, it is noticed that as the concentration  
o f 1-butanol decreases, free volum e increases w hereas the 
internal pressure decreases. This suggests the loose packing 
o f m olecules inside the shield, which may be brought 
about by the decreasing m agnitude o f  interactions [14,15].
In order to substantiate the presence o f  in teraction 
between the m olecules, it is essential to  study the excess 
param eters. The deviation o f  a physical property o f  the 
liquid m ixtures from  the ideal behaviour, is a m easure o f  
the interaction betw een the m olecules w hich is attribu ted  
to either adhesive (or) cohesive forces [16].
The excess adiabatic com pressibility  (F igure 1) and 
the excess free length (Figure 2) are m ostly  negative and 
indicate the presence o f  an AB interaction (here alcohol- 
dioxane). A large steep increase in a t 3%  o f  alcohol 
reflects the strong AB o r AC interaction leading to  
com plexation. The relative m agnitudes o f  show  that 
the strength o f  AB interaction decreases as the alcohol 
concentration increases. The sm all values o f  in the
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lower mole fractions of alchohol, shows that the AB and 
AC interactions are of nearly the same strength as BC. 
On the other hand, at higher mole fraction, the lai^e 
deviation of reflects the strengthening of AB 
interactions than the others.
The role of AB interaction with regards to effective 
molecular size appears to differ from liquid to liquid 
fl7J. The nature of AB interaction existing in the present 
system is such that it increases the effective molecular 
size and thus, leads to negative values. An interaction 
between the hydroxyl group of the alcohol and the ethane/ 
oxide group of 1,4 dioxane produces a large strain in the 
ring. This produces opposite pole at the other end of the 
ring. This increased dipolar character of the 1,4 dioxane 
is responsible for the observed larger strength of AB 
interactions. These effects are well pronounced at higher 
mole fraction of alcohol and hence, becomes p>ositive 
at 0.7 mole fraction of 1-butanol.
The pre.sence of electron donor group, Cl“ in carbon 
tetrachloride and OH" in alcohol, increases the electron 
density in the medium and hence, the AB interactions 
overrule the possibility of other interactions. The observed 
AC interactions is due to the presence of OH of alcohol 
and Cl“ of carbon tetrachloride, whereas the BC 
interactions are due to the existence of negative polarity 
in both molecules. The AB interactions in the mixtures 
therefore, may be of the dipole-induced dipole type. The 
carbon tetrachloride molecule may therefore, be distorted 
in polarisation process [18] which clearly explains the 
observed negative V f  values at higher mole fractions of 
alcohol. However, at lower mole fractions, as the role of 
alcohol molecules are highly restricted, the available space 
between the components is undisturbed and hence V f  
shows positive values. It is interesting to note that the 
variation in the internal pressure values and their deviations 
behave exactly in a reverse trend as that of free volume. 
Such a behaviour is also observed by Devinder Pal and
Bhatti [19] in some ternary liquid mixtures. The negative 
excess internal pressure in the mixtures clearly confirms 
this view.
4. Conclusion
The derived acoustical parameters and their positive excess 
values hint to the presence of weak dipolar and dispersive 
interactions between the component molecules in the 
mixtures studied and the inherent nature of alcohols 
predominate the exi.sting dispersive interactions.
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